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Purpose: It is l<nown tliat cliildren witli diabetes liave more severe vitamin D 
deficiency tlian liealtliy cliildren. Tiiis study aimed to investigate serum vitamin D 
status and analyze the relationships between serum vitamin D levels and clinical 
parameters in children with diabetes. 

Methods: We checked serum vitamin D levels of children with diabetes aged below 
18 years who were treated at our Department of Pediatrics between December 
201 1 and February 201 2 (winter) as well as between June 201 2 and August 201 2 
(summer). We retrospectively analyzed relationships between their serum vitamin D 
levels and clinical parameters. 

Results: The serum 25-hydroxyvitamin D level in children with diabetes during 
winter was markedly lower than during summer (10.8±5.1 ng/mL vs. 17.6±5.6 
ng/mL); vitamin D deficiency was more prevalent during winter (95% vs. 62%). 
However, there was no difference between children with diabetes and healthy 
children. In children with type I diabetes mellitus, among all the clinical parameters, 
age had the greatest negative correlation with serum vitamin D level. 
Conclusion: In children with diabetes, serum vitamin D levels showed marked 
seasonal variation. However, no clear relationship was identified between vitamin 
D deficiency and diabetes. This was because the control group had an equally high 
vitamin D deficiency rate. Additional studies including other clinical parameters 
after vitamin D supplementation in children with diabetes should be considered. 
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Vitamin D is known to affect calcium metabolism, bone growth, and (along with parathyroid 
hormone) maintenance of mineral homeostasis. Recently, the vitamin D receptor has been 
discovered in various tissues in the body; it is necessary to convert 1 alpha-hydroxylase 
( 1 -hydroxylase) into the active form of vitamin D. Therefore, the functions of vitamin D have 
been described through a new perspective''. The most common cause of vitamin D deficiency 
is inadequate sun exposure. Vitamin D deficiency causes not only skeletal disease such as 
rickets and osteomalacia but also nonskeletal diseases such as malignancies and cardiovascular 
and autoimmune diseases^'^'. 

Pittas et al.''* and Zipitis and Akobeng^' reported that vitamin D supplementation affected the 
development of type 1 and 2 diabetes mellitus (DM). Tlierefore, this study aimed to investigate 
the variations in serum vitamin D levels in children and adolescents with diabetes according 
to season and age in comparison to those in healthy children and to analyze the relationships 
between serum vitamin D level and clinical parameters in children with diabetes. 
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Materials and methods 



2. Anthropometric and laboratory measurements 



1. Subjects 

We evaluated the serum vitamin D levels of children with 
diabetes who were younger than 18 years and treated at the 
Department of Pediatrics, Chonbuk National University 
Hospital, between December 2011 and February 2012 (winter) 
and June 2012 and August 2012 (summer). We retrospectively 
compared children with diabetes and healthy children in terms 
of vitamin D serum level and deficiency rate, and analyzed 
the relationships between serum vitamin D level and clinical 
parameters (age, body mass index [BMI], glucose, alkaline 
phosphatase [ALP], cholseterol, triglyceride, lipid profile, 
C-peptide, glycosylated hemoglobin [HbAlc], insulin dose) 
in children with diabetes. None of the study subjects received 
vitamin D supplementation during the study period. 

The children with diabetes were further classified according 
to age as follows: the elementary school group (age, 7-12 years), 
the middle school group (age, 13-15 years), and the high school 
group (age, 16-18 years). Data obtained from all groups was 
compared and analyzed. 



Table 1 . Demographic findings and 25-OHD level of patients with 
diabetes and healthy control groups (n=1 1 5) 



Variable 


Type 1 DM 


Type 2 DM 


Total 


Control 


Season 


Winter 


51 


15 


66 


49 


Summer 


51 


20 


71 


87 


Age (yr) 


13.3±4.2 


15.0±2.7 


13.8±3.9 


13.5±2.27 


Male sex 


41/61 (33.6) 


17/18(48.6) 


58/79 (42.3) 58/78 (42.6) 


BMI (kg/m') 


19.2±3.9 


24.1 ±4.0 


20.4±4.4 


19.78±6.0 


2S-0HD (ng/mL) 


14.S±6.4 


13.8±5.3 


14.3±6.2 


16.1 ±6.2 



Values are presented as mean±standard deviation or number (%). 
25-OHD, 25-hydroxy vitamin D; DM, diabetes mellitus; BMI, body 
mass index. 



Serum levels of 25-hydroxy vitamin D (25-OHD) were 
detected by performing chemiluminescence immunoassay; 
deficiency was defined as a level of vitamin D < 20 ng/mL. 

3. Statistical analysis 

All analyses were conducted by using the PASW ver 18.0 
(SPSS Inc., Chicago, IL, USA). All variables were expressed as 
the means±standard deviations. The independent two-sample 
f-tests and one-way analysis of variance were used to compare 
clinical parameters between groups. Relationships between 
serum vitamin D levels and clinical parameters were assessed by 
using Pearson correlation coefficient and second-order partial 
correlation, controlling for age and BMI. Statistical significance 
was defined a.sP< 0.05 for all clinical and laboratory data. 

Results 

1. General characteristics 

There were 66 (type 1, 51; type 2, 15) and 71 (type 1, 51; type 
2, 20) children with diabetes in summer and winter, respectively. 
The healthy control groups, matched according to age and 
sex, consisted of 49 and 87 children in winter and summer, 
respectively (Table 1). BMIs were markedly higher in children 
with type 2 DM than in the control group or those with type 1 
DM. 

2. Clinical characteristics of children with diabetes 
and vitamin D deficiency rate in winter 

The mean age of the children with diabetes was 14.5±4.3 years 
and that of the control group children was 14.4±1.9 years, which 
is similar. However, serum levels of cholesterol and low-density 



Table 2. Clinical characteristics of patients with diabetes during winter (n=1 1 5) 



Characteristic 


Type 1 DM 


Type 2 DM 


Total 


Control 


P-value" 


No. of patients 


51 (77.3) 


15(22.7) 


66(100.0) 


49 




Age (yr) 


13.95±4.62 


16.47±2.02 


14.52±4.29 


14.48±1.96 


0.959 


M/F (male%) 


21/30(41.2) 


7/8 (46.7) 


28/38 (42.4) 


21/28 (42.8) 


0.963 


BMI (kg/m') 


19.36±3.94 


24.46±3.30 


20.52±4.35 


21.07±8.55 


0.657 


Cholesterol (mg/dL) 


190.25±41.24 


196.53±54.82 


191.68±44.30 


154.95±29.14 


< 0.001 


TG (mg/dL) 


139.45±1 14.95 


141.47±87.08 


139.91 ±108.61 


107.51 ±79.92 


0.096 


LDL-cholesterol (mg/dL) 


103.60±33.62 


11 9.71 ±48.58 


107.1 3±37.57 


81.25±24.02 


0.025 


25-OHD (ng/mL) 


11.29±5.14 


9.19±1.79 


10.81 ±4.67 


10.98±3.97 


0.847 


<10 


24(47.1) 


1 1 (73.3) 


35 (53.0) 


21 (43.9) 




lOto <20 


23 (45.1) 


4 (26.7) 


27 (40.9) 


27 (55.1) 




20 to < 30 


3 (5.9) 


0 


3 (4.5) 


1 (2.0) 




>30 


1 (2.0) 


0 


1 (T5) 


0 





Values are presented as number (%) or mean±standard deviation. 

DM, diabetes mellitus; BMI, body mass index; TG, triacylglyceride; LDL; low-density lipoprotein; 25-OHD, 25-hydroxy vitamin D. 
"'Total vs. control. 
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lipoprotein (LDL) showed significant differences (Table 2). 

In the children with diabetes, serum levels of 25-OHD were 
low (10.8±4.7 ng/mL) and the vitamin D deficiency rate was 
94%. The control group also showed low serum levels of 25- 
OHD (11.0±4.0 ng/mL) and high vitamin D deficiency rate 
(98%), similar to the diabetes group. However, in children with 
diabetes, there were more patients with serum 25-OHD levels 



below 10 ng/mL than in the control group. 

Among the 66 children with diabetes, children with type 
2 DM were excluded because of insufficient numbers; the 
remaining 5 1 were compared and analyzed according to school 
grade and age. As shown in Table 3, there were remarkable 
differences in the duration of diabetes, BMIs, ALP levels, and 
lipid profiles, but no differences were seen in serum glucose and 



Table 3. Clinical characteristics according to age in patients with type 1 DM during winter (n=51 ) 



Characteristic 




Grade 




P-value 


Elementary school (7-1 2 yr) 


IMiddle school (13-15 yr) 


Highschool(16-18yr) 


No. of patients 


20 (39.2) 


10(19.6) 


21 (41.2) 




Age (yr) 


8.95±2.17" 


14.44±1.05'' 


18.47±1.36'' 


<0.00l'" 


DM duration (yr) 


3.02+1.78 


4.55±2.36 


7.52+4.88" 


0.001 " 


M/F (male%) 


8/12(40.0) 


3/7 (30.0) 


10/11(47.6) 


0.618 


Body mass index (kg/m^) 


16.18±1.94'' 


20.23±2.50 


21.99±3.83 


<0.00l'" 


ALP (lU/L) 


322.50±81.12'' 


203.40±121.39" 


118.24±32.67" 


<0.00l'" 


Glucose (mg/dL) 


262.39± 117.49 


212.90±130.32 


222.65±1 14.50 


0.475 


HbAlc(%) 


8.68±1.29 


9.65±1.49 


9.31 ±L82 


0.225 


C-peptide (ng/mL) 


0.50+1.00 


0.45±1.15 


0.40±0.80 


0.944 


Cholesterol (mg/dL) 


1 73.85±30.45" 


211.70±41.55" 


195.67±45.43 


0.041"' 


Triacylglyceride (mg/dL) 


93.65±58.70" 


203.00±210.55" 


152.81 ±74.1 9 


0.035"' 


LDL cholestrol 


87.53±21.22'' 


119.60±34.3f' 


110.52±37.56 


0.020"' 


Insulin dose (lU/mL/kg) 


0.84±1.17 


1.16±0.39" 


0.86±0.32 


0.015"' 


25-OHD (ng/mL) 


14.80±5.95'' 


8.97±2.86 


9.06±2.92 


<0.00l"' 


Vitamin D deficiency rate^' 


16/20 (80.0) 


10/10(100) 


21/21 (100) 





Values are presented as number (%) or mean±starndard deviation. 



DM, diabetes mellitus; ALP, alkaline phosphatase; HbAlc, glycosylated hemoglobin; LDL, low-density lipoprotein; 25-OHD, 25-hydroxy 
vitamin D. 

^'Percentage of serum 25-OHD level below 20 ng/mL in patients with type 1 DM. "'P<0.05. "Statistical significances were tested by one 
way analysis of variances among groups. The same markers indicate nonsignificant difference among groups based on Duncan multiple 
comparison test. 



Table 4. Comparision between type 1 DM patients and control groups in 25-OHD level and vitamin D deficiency according to age 



Variable 




Grade 




Total 


Elementary school (7-1 2 yr) 


Middle school (13-1 5 yr) 


High school (16-1 8 yr) 


Winter season 


Type 1 DM 


25-OHD (ng/mL) 


14.80±5.95 


8.97±2.86 


9.06±2.92 


11.29±5.14 


Deficiency rate" (%) 


16/20 (80.0) 


10/10(100) 


21/21 (100) 


47/51 (92.2) 


Control 


25-OHD (ng/mL) 


12.05±5.08 


9.98±3.29 


10.72±3.31 


10.98±3.97 


Deficiency rate"' (%) 


15/16(93.8) 


12/12(100) 


21/21 (100) 


48/49 (98.0) 


P-value"' 


0.152 


0.458 


0.092 


0.732 


Summer season 


Type 1 DM 


25-OHD (ng/mL) 


20.28±5.09 


16.35±6.28 


15.21 ±5.95 


17.69±6.03 


Vitamin D Deficiency rate" (%) 


8/22 (36.4) 


10/13(76.9) 


12/16(75.0) 


30/51 (58.8) 


Control 


25-OHD (ng/mL) 


19.38±4.31 


19.43±5.28 


17.23±6.92 


18.92±5.28 


Vitamin D Deficiency rate" (%) 


25/41 (61.0) 


18/27(66.7) 


14/19(73.7) 


57/87 (65.5) 


P-value"' 


0.462 


0.113 


0.367 


0.210 



Values are presented as mean±standard deviation or number (%). 
DM, diabetes mellitus; 25-OHD, 25-hydroxy vitamin D. 

"Percentage of serum 25-OHD level below 20 ng/mL in patients with type 1 DM. "'We compared about mean value of 25-OHD between 
type 1 DM and control. Statistical significances were tested by independent t-test. 
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HbAlc levels. Serum 25-OHD levels in the elementary school 
group were higher than in the middle and high school groups 
(14.8±6.0, 8.97±2.86, and 9.06±2.92 ng/mL, respectively). 
However, vitamin D deficiency rates were high in all groups 
(elementary school group, 80%; middle and high school groups, 
100%). Hiere was no difference between the type 1 DM group 
and the control group (Table 4). 

3. Clinical characteristics of children with diabetes 
and vitamin D deficiency rate in summer 

In summer, the age and sex ratio was similar between the 



diabetes and control groups, but BMI and serum levels of 
cholesterol, triglycerides, and LDL were higher in the diabetes 
group (Table 5). Tlie diabetes and control groups had serum 25- 
OHD levels of 17.6±5.6 and 18.9±5.3 ng/mL, respectively Tlie 
absolute levels were higher in summer than in winter, but there 
was no difference between both groups. Vitamin D deficiency 
rates were relatively high, with results of 62.0% (diabetes group) 
and 65.5% (control group). The percentage of patients with 
serum 25-OflD levels below 10 ng/mL was 8.5% and 3.4% in 
the diabetes and control groups, respectively. In summer, we 
compared and analyzed 5 1 children with diabetes according to 
school grade and age (Table 6). Similar to winter, the serum 25- 



Table 5. Clinical characteristics of patients with diabetes during summer (n=193) 





Type 1 DM 


Type 2 DM 


Total 


Control 


/'-value" 


No. of patients 


51 (71.8) 


20 (28.2) 


71 (100) 


87 




Age (yr) 


12.73±3.60 


13.95±2.66 


1 3.08±3.39 


12.93±2.25 


0.755 


M/F (male%) 


20/31 (39.2) 


10/10(50.0) 


30/41 (42.3) 


37/50 (42.5) 


0.972 


Body mass index (kg/m^) 


19.05±3.82 


23.78±4.52 


20.38±453 


18.93±3.09 


0.030 


Cholesterol (mg/dL) 


183.33±45.33 


178.00±45.01 


181.83±4498 


155.49±29.08 


< 0.001 


Triacyglyceride (mg/dL) 


144.61 ±113.37 


152.30±76.35 


146.77±1 03.80 


92.54±48.13 


< 0.001 


LDL cholestrol (mg/dL) 


99.98±35.60 


105.37±37.21 


101.58±35.87 


86.14±23.40 


0.037 


25-OHD (ng/mL) 


17.69±6.03 


17.28±429 


17.57±5.57 


18.92±5.28 


0.121 


<10 


5 (9.8) 


1 (5.0) 


6 (8.5) 


3 (3.4) 




lOto <20 


25 (49.0) 


13(65) 


38 (53.5) 


54 (62.1) 




20 to < 30 


20 (39.2) 


6 (30.3) 


26 (36.6) 


28 (32.2) 




>30 


1 (2.0) 


0 


1 (T4) 


2 (2.3) 





Values are presented as number (%) or mean±staridard deviation. 

DM, diabetes mellitus; LDL; low-density lipoprotein; 25-OHD, 25-hydroxy vitamin D. 

''Total vs. control. 



Table 6. Clinical characteristics according to age in patients with Type 1 DM during summer (n=51) 



Characteristic 




Grade 




P-value 


Elementary school (7-1 2 yr) 


Middle school (13-15 yr) 


High school (16-1 Syr) 




No. of patients 


22(43.1) 


13 (25.5) 


16(31.4) 




Age (yr) 


9.24±2.14" 


13.72±0.98" 


16.74±0.37 


<0.00l'" 


DM duration (yr) 


3.72±2.36 


3.25±2.47 


7.25±461 


0.002" 


M/F (male%) 


7/15(31.8) 


5/8(38.5) 


8/8(50.0) 


0.266 


Body mass index (kg/m^) 


16.28±2.14" 


20.94±3.71 


21.33±3.36 


<0.00l'" 


ALP (iU/L) 


325.91 ±91. 85" 


215.69±146.23" 


104.56±29.40 


<0.00l'" 


Glucose (mg/dL) 


249.52±1 42.26 


201.15±1 11.38 


22419±121.70 


0.561 


HbAlc (%) 


8.59±1.33 


8.73±2.05 


9.11 ±1.54 


0.608 


C-peptide (ng/mL) 


0.41 ±1.08 


0.58±1.65 


0.68±1.41 


0.146 


Cholesterol (mg/dL) 


174.23±35.31 


190.15±63.26 


190.31 ±4 1.09 


0.467 


Triacylglyceride (mg/dL) 


97.41 ±58.75" 


173.00±1 32.72 


186.44± 134.48 


0.030" 


LDL cholesterol (mg/dL) 


85.94±20.59 


11417±52.99 


105.47±28.34 


0.077 


25-OHD (ng/mL) 


20.28±5.09" 


16.35±6.28 


15.21 ±5.95 


0.022" 


Insulin dose (lU/ml/kg) 


0.84±1.17 


1.14±0.39" 


0.93±0.30 


0.022" 


Vitamin D deficiency rate" (%) 


8/22 (36.4) 


10/13(76.9) 


12/16(75.0) 





Values are presented as number (%) or mean±standard deviation. 



DM, diabetes mellitus; ALP, alkaline phosphatase; HbAlc, glycosylated hemoglobin; LDL; low-density lipoprotein; 25-OHD, 25-hydroxy 
vitamin D. 

"Percentage of serum 25-OHD level below 20 ng/mL in patients with type 1 DM. '''P<0.05. "Statistical significances were tested by one 
way analysis of variances among groups. The same markers indicate nonsignificant difference among groups based on Duncan multiple 
comparison test. 



16 www.e-apem.org 



apem 



Jung SS, et al. • Serum vitamin D status in children with diabetes 



OHD levels were higher in the elementary school group than 
in the middle and high school groups (20.28±5.09, 16.35±6.28, 
and 15.21±5.95 ng/mL, respectively). Vitamin D deficiency 
rates were higher in the middle and high school groups than 
in the elementary school group (76.9%, 75.0%, and 36.4%, 
respectively). There was no difference between the type 1 DM 
and control groups (Table 4). 



relationship with serum vitamin D levels in summer too. In 
addition, serum 25 -OHD levels had a significant negative 
relationship with insulin doses in summer When second-order 
partial correlation, controlling for age and BMI, was performed, 
triglyceride had a negative relationship with serum vitamin D 
levels in summer (Table 8). 



4. Relationship with serum vitamin D levels 
and clinical parameter 

In children with type 1 DM, serum vitamin D levels had 
a negative relationship with age, BMI, ALP, cholesterol, and 
triglyceride levels in winter Among the cHnical parameters, 
age had the strongest negative correlation with serum vitamin 
D levels in winter (Table 7). However serum vitamin D levels 
did not have significant relationships with insulin doses or 
serum glucose and HbAlc levels. Age had the greatest negative 



Discussion 

Vitamin D is a fat- soluble vitamin and it can be classified 
as a prohormone as its action mechanism is similar Vitamin 
D has five forms (D1-D5), among which ergocalciferol and 
cholecalciferol are known to be important in humans. Vitamin 
D is abundant in animal-derived foods such as blue colored 
fish, egg yolks, butter, margarine, and in plant-based foods 
such as mushrooms. However, the majority of vitamin D 
needed is produced in the skin by exposure to ultraviolet B 
(UVB) radiation rather than obtained through dietary intake'"'. 



Table 7. Correlation coefficients of vitamin D level with other variables In patients with type 1 DM 



Variable 


Winter 






Summer 






r 


P-value 


r 




P-value 


Age (yr) 


-0.518 


<0.00l" 


-0.484 




< 0.001 


Body mass index (kg/m'') 


-0.510 


<0.00f' 


-0.393 




0.003" 


Glucose (mg/dL) 


0.063 


0.668 


0.187 




0.179 


ALP (lU/L) 


0.405 


0.003"' 


0.307 




0.024" 


Cholesterol (mg/dL) 


-0.376 


0.007" 


-0.216 




0.117 


Triacyglyceride (mg/dL) 


-0.515 


< 0.001" 


-0.373 




0.005" 


LDL cholesterol (mg/dL) 


-0.411 


0.003" 


-0.199 




0.176 


HDL cholesterol (mg/dL) 


0.082 


0.762 


0.080 




0.655 


C-peptide (ng/mL) 


0.212 


0.135 


0.182 




0.188 


HbAlc (%) 


-0.117 


0.414 


-0.249 




0.069 


Insulin dose (lU/mL/kg) 


-0.242 


0.091 


-0.323 




0.017" 


DM, diabetes mellitus; ALP, alkaline phos 
hemoglobin. 

^'Pearson correlation coefficient, P < 0.05. 


,phatase; LDL; low-density lipoprotein; 


HDL; low-density lipoprotein; HbAlc, glycosylated 


Table 8. Correlation coefficients of vitamin D level with other variables controlling forage and bmi in patients with type 1 DM 


Variable 


Winter 






Summer 






r 


P-value 


r 




P-value 


HOMA-IR 


-0.064 


0.835 


0.066 




0.749 


HOMA-p 


-0.426 


0.147 


-0.174 




0.393 


Glucose (mg/dL) 


0.428 


0.144 


0.175 




0.393 


ALP (lU/L) 


0.381 


0.200 


-0.241 




0.236 


Cholesterol(mg/dL) 


-0.316 


0.294 


-0.327 




0.103 


Triacylglyceride (mg/dL) 


-0.219 


0.473 


-0.418 




0.034" 


LDL cholesterol (mg/dL) 


-0.393 


0.184 


-0.199 




0.329 


HDL cholesterol (mg/dL) 


0.002 


0.994 


-0.275 




0.175 


C-peptide (ng/mL) 


0.232 


0.445 


0.080 




0.698 


HbAlc (%) 


0.324 


0.280 


-0.337 




0.093 


Insulin dose (lU/mL/kg) 


-0.167 


0.256 


-0.253 




0.212 


DM, diabetes mellitus; HOMA-IR, homeostatic model assessment-insulin resistance; ALP alkaline phosphatase; LDL; low- 


-density lipoprotein; 



HDL; low-density lipoprotein; HbAlc, glycosylated hemoglobin. 
"Second-order partial correlation, P< 0.05. 
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During exposure to sunlight, Vitamin D, is produced from 
7-dehydrocholesterol in the skin'*. 

The skin's capacity to synthesize vitamin D decreases with 
aging and increasing pigmentation of the skin. Living at higher 
altitudes and fewer outdoor activities increase the risk of 
vitamin D deficiency''. The vitamin D deficiency rate is higher 
in winter than in summer, because there is insufficient sunlight 
during winter to stimulate the production of vitamin D in the 
skin. Vitamin D deficiency is also caused by chronic kidney 
disease, hepatic failure, and drugs that increase vitamin D 
clearance, such as rifampin, antiepileptic drugs, glucocorticoids, 
and immunosuppressants'*. 

Traditionally, vitamin D is known to affect calcium metabo- 
lism, bone growth, and (along with parathyroid hormone) 
maintenance of mineral homeostasis. Recently, various studies 
are being carried out to clarify the relationship between vitamin 
D and diabetes'''^''''. 

The prevalence of diabetes is increasing worldwide as well 
as in South Korea. Huh et al.^' reported that the maximum 
insulin secretory ability of the Korean population is less than 
half of that in the western population. Serum insulin levels in 
the Korean population start to decrease at lower serum glucose 
levels than in the western population. As a result, the Korean 
population cannot tolerate even a mild insulin resistant state, 
and diabetes develops more easily'"'. Therefore, prevention of 
diabetes needs more attention in Korea. 

The incidence of type 1 DM is related to regional and seaso- 
nal factors""'. In a study on the association between UVB 
radiation, vitamin D status, and incidence rates of type 1 DM 
in 51 regions worldwide, an association was found between 
low UVB radiation and higher incidence rate of type 1 DM 
in children''". Thus, we predicted that vitamin D can lower 
the risk of type 1 DM. Another study suggested that increased 
intake of vitamin D lowered the incidence of type 1 DM in 
later life^'. Another European study identified that vitamin D 
supplementation in children significantly reduced the risk of 
type 1 DM'^^*. Although the exact mechanism of how vitamin 
D reduces the incidence of type 1 DM has not been identified, 
previous studies have suggested that vitamin D acts as an 
immunosuppressant, lowers proliferation of lymphocytes, 
production of cytokines, suppresses the release of interferon-y 
and interleukin-2"''"', and also inhibits the destruction of 
pancreatic cells'*'. Through these anti-inflammatory processes, 
vitamin D can suppress the death of pancreatic |3 cells and play 
a preventive role in type 1 DM"'^°'. In case of type 2 DM, high 
intake of vitamin D has been identified to lower the risk of type 
2 DM through a large cohort study^''. The release of insulin is 
dependent on calcium metabolism^^'. Deficiency of vitamin D 
or calcium is considered to cause an imbalance of calcium in 
pancreatic |3-cells and eventually affect the release of insulin'''. 

In this study, we were able to recognize that serum vitamin 
D levels underwent seasonal variations in children with 
diabetes. We considered the possibility that outdoor activities 
are relatively restricted in children with diabetes as compared 
to healthy subjects, leading to presumably higher vitamin D 



deficiency rates in children with diabetes. However, there was 
no significant difference in vitamin D deficiency rates between 
both groups. Another study reports that vitamin D deficiency is 
very common in Korean adolescents"^'. 

In this study, serum vitamin D levels had negative relation- 
ships with age, BMI, and ALP and triglyceride levels in children 
with type 1 DM. This phenomenon seemed to be related to the 
duration of outdoor activities. Additionally, several studies show 
that weight may influence vitamin D levels^'* ''', as body fat acts 
as a reservoir for vitamin D, reducing its bioavailability^''. 

Our study has several limitations. It was a retrospective study 
from a single institute. Therefore, it does not represent the 
whole diabetic population. Confounding factors such as intake 
of vitamin D-rich foods and duration of outdoor activities 
were not considered in this study. In addition, the observation 
periods were relatively short. 

In conclusion, a clear relationship between vitamin D 
deficiency and diabetes was not identified in the study. In 
children with diabetes, serum vitamin D levels had marked 
seasonal variation, but there was no difference when compared 
with the healthy children group. This occurred because the 
healthy patient group had an equally high vitamin D deficiency 
rate. A more in-depth study is required, and additional studies 
including factors such as changes in glucose levels and clinical 
parameters after vitamin D supplementation in children with 
diabetes should be considered. 
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